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(57) Abstract 



A device for uniformly irradiating an area of a surface which accurate^ 
lights reflected from the area and scatters it back towards the surface. The devic* ) 
surface is coated with a diffuse reflector and a Ught source (1 1) mounted in the 
connected to a laser remote from the shell (3) via an optical fibre (7). In use th^ 
mination so that the edges of the shell (3) define the area under illumination anM 
shell prevents any escape of light. A defonnable sheet of partly reflective and 
the open mouth of the hemisphere to cover the target area to increase the ur-^ 
uneven surfaces. The device is particularly useful in photodynamic therapy 



, defines the area under irradiation and collects 
comprises a hemispherical shell (3) whose inside 
shell. The light source may be a diffusing device 
shell (3) is placed against the surface under illu- 
^ the use of the diflbsety reflecting surface of the 
partly transmissive material may be placed across 
of illumination when the device is used on 
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A device for uniformly irradiating an area of a surface which accuratel}' 
Lights reflected from the area and scatters it back towards the surface. Ihe device 
surface is coated with a diffuse reflector and a light source (1 1) mounted in the 
connected to a ^aser remote from the shell (3) via an optical fibre (7). In use the 
mination so that the edges of the shell (3) define the area under illumination and 
shell prevents any escape of light A defofmable sheet of partly reflective and 
the open mouth of the hemisphere to coyer the target area to increase the ur'* 
uneven surfaces. The device is particularly useful in photodynamic therapy 



defines the area under irradiation and collects 
comprises a hemispherical shell (3) whose inside 
shell. The light source may be a diffbsinig device 
shell (3) is placed against the surface under illu- 
the use of the diffusely reflecting surface of the 
partly transmissive material may be placed across 
uniformity of illumination when the device is used on 
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LIGHT DELIVERY SYSTEIM 



as 



This invention relates to an 
for illuminating an area of an object 
device in which the total amount of 
delivered to the area can be accura 
particularly applicable to medical 
which rely on the illumination of body 
achieve desired effects .e.g. photodyna^ 
bio-stimulation ♦ 

It has been found that certain 
including skin cancer and breast cance 
successfully using a technique known 
or PDT. In this technique a photosens 
haematoporphyrin derivative (HpD) is 
patient and this agent concentrates in 
It is thought that the agent concentr 
because it leaks out of the vasculatu 
the surrounding tumour tissue. The 
the tumour is not as efficient at remo^ir 
lymphatic system in the rest of the 
certain time period there is proporti 
tumour than in the rest of the body, 
time period the area of the body with 
irradiated with laser light having wave 



apparatus and method 
and in particular to a 
lumlnant energy 
Kteljy determined. It is 
treatment techniques 
tissue in order to 
ic therapy and 



PCT/GB89/00796 



types of cancer 
can be treated 
photodynamic therapy 
tizing agents usually 
administered to the 
the cancerous tissue, 
s in the tumour 
in the tumour into 
atic system within 
ing the HpD as is the 
and so for a 
tely more HpD in the 
some point in that 
tumour i& 
length of about 630 



ai:e£ 



ir^ 



lyiiph 



body 



:iona 



2± 
the 



i 

i 
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In the case of 
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ntn from an argon dye laser. The effect^ of the laser light 
on the HpD is to cause oxygen radicals 
destroy the surrounding tumour tissue • 

breast cancer the illumination stage o^ the treatment is 
usually given twenty;-four to seven ty-ti^o hours after 
administration of the HpD agent, though) with skin cancer, 
laser treatment can be delivered up to 
after the administration of the HpD. 

Conventionally the treatment ar 
illuminated using laser light directed 
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three or four weeks 



ea has been 
down an optical 



fibre, the tip of the fibre being moved! over the treatment 



that the illumination 

the intensity 
of the spot. This 



area. One problem with this method is 
consists of an intense centre spot with 
falling away gradually from the centre 

means that it is difficult to give an eiven dosage of light 
to a large area* Furthermore, it is ve|ry easy to apply too 
much light to some areas. In order to 
this pr.oblem it has been proposed to delliver the light using 
an optical fibre bundle with micro-lenses on the end of each 
fibre or diffusers in the light path to 
even, illumination area. Another propo 
intensity profile of the beam emerging 

by interposing an oblique glass plate b|etween the laser and 
the optical fibre. 

A further problem, which also occurs with the 



give a broader, more 
sal is to control the 
from an optical fibre 



inazed 



irmxne 



abc»ve 
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improved techniques mentioned above , i 
the surface of the body being ilium 
reflective, it is difficult to dete 
light is absorbed to act on the HpD, 
different parts of the treatment area 
dosage estimates based on an estimated 
reflectivity are not particularly good 
estimate with one of the techniques 
J/cm^ was delivered to the patient. It. 
upper limit of the range is over ten t 
and this is unsatisfactory both from 
that treatment and for statistically 
from many treatments to try to improve 
It has also been proposed to us 
other medical treatments, e.g. bio-sti 
tissue is irradiated with low power las 
been suggested that this irradiation ha 
effects and has been used to speed-up 
as a beauty treatment and in physiother 
illumination has also been used in the 
abnormalities such as port wine stain a 
tattoos. Other types of light have als 
instance, infra red or ultra violet for 
jconditions e.g. the treatment of skin d 
psoriasis. In some of these agents whi 



the 



procesf 
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, however, that since 
is to some extent 
exactly how much 
i'he reflectivity of 
Tiay vary and so even 
or measured 

A typical dosage 
was that 30-400 
can be seen that the 
mes the lower limit 
point of view of 
sing the results 
the technique, 
e laser light in 
ulation in which 
er light. It has 
s certain beneficial 

healing of wounds, 
apy. Laser 
treatment of vascular 
nd the removal of 
o been used, for 

treating various 
isorders e-g. 
ch render the skin 



the 



•A 

■1 



that 



unifo 
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sensitive to the particular light being 
administered to the patient. However^ 
achieving a uniform illumination and 
o£ light delivered to the surface have 

The present invention provides 
defined quantity of light to a surface 
source for illuminating the surface and 
light reflected from the surface so 
back onto the surface. Preferably the 
adapted to provide a substantially 
the surface. 

In more detail the present inve 
apparatus for illuminating an area of 
a delivery device including a light so 
the area and a concave diffusely refl 
the diffuse reflecting surface is 
to be illuminated when the device is 
the. object and to collect light r 
of the object and scatter it back 

Preferably the light source/ wh 
the tip of an optical. fibre ^ is arra 
diffusely reflective surface so that 1 
source is reflected towards the 
achieved by diffusing the light with, 
reflector or possibly a p.t.f.e. or e 
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used have been 
similar problems with 
Ccilculating the amount 
been found, 
a device to deliver a 
comprising a light 
means for scattering 
it can be directed 
scattering means are 
rm illumination of 



an 



iir 



ect 



adapted 



held 



reflected 
towards 



inged 



treatment 



for 



ntion provides 

object/ comprising 
ce for illuminating 
ing surface/ wherein 
to define the area 
in contact with 
from the surface 
the area, 
ich conveniently is 
to illuminate the 
ijght from the light 

area. This can be 
example, a ceramic 
tcjhed diffuser on the 



obj 



so 



th(5 



the 



dof ii 
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optical fibre. 

The present invention also pro 

illuminating an area of an object coinp|r 
illuminating the area of the 

a light source illuminating a concave 

surface maintained confronting the ar 
positioning the diffusely re 

its edges in contact with the object 
light reflected from the surface of 

it back towards the area and so that 
concave diffusely reflecting surface 
illuminated. 

The light used may be laser li 
conventional PDT techniques or may be 
some applications. The diffusely re 
the inner/ concave surface of a part-s 
hemispherical r shell-like structure wi 
and diffusing device attached in its 
is held with its edges in contact with 
illumination so that any light reflec 
area is collected and scattered back 
diffusely reflective surface* A reflec 
achieved by coating the concave surface 
paint, or any suitable highly reflecti 
ceramic • 
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vides a method of 
ising the steps of: 
ect with light from 
aiffusely reflective 



:e^, 

fleeting surface with 
that it collects 
object and scatters 
edges of the 
ne the area being 



idht 



ph 

t:h 



tcp 



rted 
the 



;ive 



no 



fldct 



as in the 
n-coherent light for 

ive surface may be 
erical ^e .g . 
the optical fibre 
In use/ the shell 
the object under 

off the illuminated 
reto by the 
tivity of 99% can be 
with reflective 
coating, e.g. a 
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I£ the area to be Illuminated 
base area of the hemisphere then parts 
not require illumination can be masked 
reflective surface. This means that 1 
reflective surface is not lost but is 
the diffusely reflective surface and 
area to be illuminated. 

It will be appreciated that wi 
invention the amount of light delivered 
area can be accurately determined sinc€t 
delivered to the area is allowed to 
almost all of the light reflected from 
is scattered back towards it by the di 
surface and since the reflective sur 
with the object, no light can escape 
Furthermore, the use of a diffusing 
optical fibre delivering the laser ILgt 
diffusely reflective surface mean that 
illumination is substantially uniform 
treatment area. 

The invention also has benefits 
the operator and, if it is being used 
for the patient, as once the reflective 
contact with the body the laser system 
is very little risk of accidental injury 



esciape 



ffu 
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is smaller th.an the. 
of the area which do 
with a highly 
ght striking the 
4'eflected back towards 
ey^entually onto the 

t{;h the present 
to the treatment 
none of the light 

This is because 
the illuminated area 
se reflective 
is held in contact 

the edges, 
e on the end of the 
t and the use of the 
the intensity of the 
Over the whole of the 



rface 



urider 



dev ic 



in 



for the safety of 

medical treatment, 
surface is in 
is cloi^ed and there 
to the operator or 
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to the patient caused by escaping laser light. It is 
possible to arrange for the laser or Gther light source only 
to be switched on when the reflective surface is placed in 
contact with the body - e.g. by a pressure sensitive or 
temperature sensitive switch or by some other switching 
means* 

If desired the target to be illuminated may be 
treated with an agent to absorb the light, e.g. a 
photodegradable or photocensitizing agi 



ent. For example 



where the invention is to be used in photodynamic therapy. 



e.g. for the treatment of cancer, then 
which might be preferentially absorbed 



a suitable agent 

by certain cells e.g^^ 



cancerouis cells, e.g. HpD can be adminjistered to the patient 
some hours before the laser treatment. An accurate amount 
of light can then be delivered to the jbreatment area and 
this allows the operator to calculate more accurately what 
depth of tissue may be destroyed. This not only allows 
better treatment of an individual patient but also allows a 
better correlation- of results to treatment conditions and so 
the best conditions for the treatment of the cancer and 
different types of cancet may be deteriliined more easily. 

The invention is also useful for the treatment of 
port wine stains, homeopathic processeis and bio-stimulation 
where the fact that the illumination if uniform and defined 
allow better control of the treatment process. 



avoid loosing light 
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The invention has been described above in relation 
to use in medical treatment, e.g. for -]>hotodynamic therapy. 
It is, however r useful in any process ^here it is desirable 
to uniformly illuminate an area and to 
by reflection from that area. Thus th^ device could be used, 
in industrial processes for manufacture^ e.g. for curing 
substances e.g. plastic resin composites or for optical 
processes in the manufacture of electrcnic devices e.g. 
microchips. In such processes the fact: that no light 
escapes and that a «rell defined area is illuminated mean 
that the process can be run economicaljy. Clearly for such 
processes types of electromagnetic radiation otheic than 
optical laser light iaight be appropriate. 

The device may also be useful for promoting 
biological growth of animals ar particularly plants, where 
again the fact that the illumination is accurately defined 
and no radiation is allowed t:o escape can improve the 
efficiency and economy of the process. 

The shape of the reflective sur'J 
to be particularly critical, the prefer] 
this specification uses a hemisphere but other concave 
shapes can be used. 

The size of shell is chosen to (be close to the size 
of the area to be illuminated. 

A typical size of shell used for medical purposes 



face is not thought 
red embodiment in 
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would be a few inches in diameter, but 
shells, e.g. large enough to cover the 



may also be used where appropriate. ij: is also possible for 
the reflective surface to be formed on a flexible member so 
that it can be shaped to match the shaj^e of the area to be 
treated. These allow the operator to avoid treating areas 
which do not need treatment. 

As an alternative to using a di 
end of the optical fibre, the fibre maj 



light onto a diffuse reflector,, made from, e.g. a reflective 



ceramic, mounted in front of the diffus 
surface to reflect the light back onto 
The apparatus may further compr 



ely reflective 
it. 

ise a deformable 



sheet of material across the open end of the concave 



r synthetic rubber, 
^ciable transmission 



surface, e.g. a sheet of white rubber oi 
and which has a high reflectivity, appr 
and low-absorption. The absorption shoald be low enough to 
prevent undesirable .light loss, e.g. about 1%, and the 
transmission high enough to allow sufficient illumination of 
the target surface. For medical applications about 9% is 
acceptable. The reflectivity should be^ 
applications, about 90%. 

The invention will be further described by way of 
non-limitative example with reference tc 
drawings which:- 
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larger or smaller 
complete pelvic area. 



ffusing device on the 
be mounted to direct 



for such 



the accompanying 
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Figure 1 is a cross-sectional \j^iew of one embodiment 
of the invention; 

Figure 2 is a partially cutawaj^ viev of the 
embodiment of Fig 1 in use; 

Figure 3 is a schematic view o^ a second embodiment 
of the invention in, use; 

Figure 4 shows a third embodiment of the present 
Invention: and 

Figure 5 shows a fourth embodiiient of the invention 

As can be seen by Fig 1 the apparatus comprises a 
light delivery device 1 which consists 

relatively rigid,^ plastics shell 3 who^e inside , Concave 
surface is coated with a reflective costing 5*. The coating 
is a reflective paint or ceramic which 
reflective surface. It is possible to 



reflectivity as high as 99% or more wit:h such a coating. 



The shell, intended for medical use in 
in diameter and about l-2mm thick. 

Laser light is supplied to the 
optical fibre 7, which may be a single 
fibres. In this embodiment the fibres 



retained within a p«t«f «e. sheath 9. The fibres terminate 



at a diffusing element 11, which is in 
p.t.f.e* cylinder or, alternatively, a 



fibre diffuser (formed by exposure to l^ydrof luoric acid) 



provides a diffuse 
achieve a 



PDT is about 5-15cm 

device along an 
fibre or a bundle of 
are teflon coated and 



this embodiment a 
ceramic or etched 
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mounted in the hemispherical shell. The fibre is connected 
to the shell by a two-part block 13 haying a bore down the 
centre through which the fibre and sheath pass. The fibre 
is trapped in an interference fit between the two parts of 
the block 13. In the illustrated embo<liment the diffuser 11 
is positioned about 2cm below the top c^f the shell. Light 
transmitted dawn the fibre passes into 

is emitted from the end of the diffusei[ in a number of 
directions. Some light will be transmitted directly to the 
treatment, surface, but some light will also be transmitted 
towards the diffusely reflective sur facie 5. Various light 



paths are shown in the diagram. Light 



diffusely reflective surface will be scattered therefrom^ 
partly towards the treatment area and pjart towards opposing 
regions of the reflector. It will be appreciated, 
therefore, that a fairly uniform illumi{nation is achieved 
within the region defined by the edges 
shell. 

Although not shown in the diagrfe 



am, the shell may be 
provided with a sensor and switch so that the laser 
supplying light to the optical fibre 9 Ls only switched on 
when the shell is pressed into contact ^^ith the surface 

which is to be Illuminated, this results in less chance of 

i 

the patient or operator being accidentally exposed to laser 

I 

light and thus improves the safety of tlbe apparatus. 
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the diffuser 11 and 



striking the 



of the reflective 



t 

! 



tlie 



to 



reflecto 



tttat 
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In Fig. 2 the device is shown 
on part of a patient 15. This shows 
situation where the area 17 which isp 
smaller than the base area of the 
skin which would undesirably be expose^ 
therefore been masked using a reflectiye 
example r aluminium tape* This means 
the delivery device 1 which misses the 
area and hits the tape is reflected bac^k 
reflective surface and scattered back 
area* 

Figure 3 shows a second 
in use* In this embodiment the reflec 
formed from a flexible plastics mater 
deformed to cover a desired treatment c 
A further feature of this embodiment^ 
in the other embodiments of the inventilo 
supplied to the device by several 
connected to a diffusing device 11 and 
surface of the shell. This enables a 
light to be delivered per unit time if 
in maintaining a substantially uniform 
particularly in the case where the shell 

The above embodiments have been 
supplied with laser light by an optical 
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^schematically in use 
device used in a 
be illuminated is 

r* The parts of 
to the light have 
tape 19 r for 
light supplied to 
exposed treatment 
up to the diffusely 
towards the treatment 



embod intent 



:i5l 



optical 



of the invention 
tf-ive shell 22 is 

so that it may be 
tea more accurately, 
W^hich can also be used 
n, is that light is 
fibres 27 each 
spaced over the 
g|reater amount of 
necessary and helps 
light distribution 
is deformed . 
described as being 
fibre. However, the 



appllcatl 



moun ted 
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invention is also usable in other 
ultra violet or infra red light or any 
radiation are used. In such applica 
delivered to the delivery device using 
liquid or fibre light guide or other 
guides or the light source may be 
shell « 

Figure 4 shows schematically a 
the invention in which light delivered 
optical fibre 9 is directed onto a ref 
spherical, though other shapes may be 
light back upon to the diffusely re 
in turn^ scatters it onto the treatment 
30, which may be a highly reflective c 
the shell 1 by a mounting 32. 

Figure 5 shows disgrammatically 
of the invention which uses a reflecto 
system 9 and 30 as in the previous 
includes a deformable partly reflective 
sheet 50 across the open end of the re 
use, covers the target area. The sheet 
white rubber or synthetic rubber and 
preferably greater than 17% and more 
greater than 77% , very low absorttion 
5% and appreciable transmission 



ons in which e.g. 
electromagnetic wave 
tipns the light may be 
a light guide e.g. 
t^pes of radiation 
in or on the 



iflect 



Typical 
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third embodiment of 
to the device by an 
ector 30 in this case 
ijised, which reflects 
ive surface which, 
area. The reflector 
ramie, is mounted on 

a fourth embodiment 
1 and light delivery 

s, but also 
partly transmissive 
ector which r in 
50 may be a sheet of 
a high reflectance 
erably still 
preferably less than 
values which have 



embodiments 



fil 



has 



pref 
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to the device is 
cface. None is 
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been effective in practice are, for inistance,. 90% 
reflection, 9% transmission and 1% absorption. This sheet 
50 is particularly useful when the device is used to 
illuminate an uneven surface as it conforms or partly 
confirms to that surface and improves the uniformity of the 
light delivered to the target. 

With the invention it is possible to calculate the 
amount of light supplied to the treatment area much more 
accurately than with the prior art devices. This is because 
substantially all of the light supplied 
eventually absorbed by the treatment sui 
allowed to escape - because the reflect ar shell is placed in 
contact with the object being illuminatsd and any light 
reflected from the treatment surface is eventually scattered 
back by the diffuse reflector towards tiie treatment surface. 
Furthermore, the fact, that virtually none of the light 
supplied to the device is allowed to escape means that the 
device is particularly safe to use. 

While the invention has been desicribed in relation 
to the medical treatments, as discussed above it is 
applicable wherever it is required to deliver an accurate 
and uniform irradiation to a surface, or to substantially 
reduce the amount of light lost from a system, or to define 
the area to which radiation should be delivered. The effect 
of this device in minimizing losses has benefits in that for 
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a given total energy absorption requi 
power output of the radiation source, 
needed to bring about that effect. 
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defi 



!• Apparatus to deliver a 
light to a. surface comprising a light 
illuminating the surface and means for 
reflected from the surface so that it 
onto the surface. 

Apparatus according to cl 
scattering means are adapted to provid 
uniform illumination of the surface. 

Apparatus for illuminating 
object, comprising a delivery device 
source for illuminating the area and a 
reflecting surfacSf wherein the di 
is adapted to define the area to be 
device is held in contact with the obj 
light reflected from the surface of the 
it back towards the area. 

4. Apparatus according to 
light source is adapted to illuminate 
reflective surface so that light from 
scattered towards the area of the obj 

5. Apparatus according to cl 
light source is a source of laser light 

6. ^ Apparatus according to 



.f f usely 



ined quantity of 
source for 

scattering light 
dan be directed back 

aim 1 wherein the 
a substantially 

an area of an 
irjcluding a light 
concave diffusely 

reflective surface 
illuminated when the 
4ct and to collect 
object and scatter 



claim 3 wherein the 
the diffusely 
iihe light source is 
edt. 

aim 3 or 4 wherein the 
t . 

claim 3,4 or 5 wherein 
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the lighfc source Includes an element fpr distributing the 
light onto the reflecting surface. 

7* Apparatus according to clbim 6 wherein the 
element is a diffusely reflecting body 

8. Apparatus according to cl^im 6 wherein the 
element is a p.t.f .e. cylinder. 

9. Apparatus according to anjr one of the preceding 
claims wherein the diffusely reflective surface is the 
concave surface of a shell-like structure ^ the edges of the 
shell defining the area to be illuminalped when it is held in 
contact with the object. 

10. Apparatus according to cl^im 9 wherein the 
concave surface is coated with a reflective ceramic ta form 
the diffusely r elective surface. 

11. Apparatus according to anj^ one or the claims 3 
to 10 further comprising a deformable sheet of material 
across the open*end of the concave surface, said material 
having a high' light reflectance, apprecj 

transmission and low light absorption ^or the light from 
said light source. 

12. A method of illuminating ain area of an object 
comprising the steps of: 

illumir)|ating the area of the ob|ject with light from 



a light source preferably a laser light 



a concave diffusely reflective surface laintained 



iable light 



source , illuminating 



f ac 



£a<:e 
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confronting the area, 

and positioning the diffusely 
with its edges in contact with the obj 
collects light reflected from the sur 
scatters it back towards the area and 
the concave diffusely reflecting sur 
being illuminated • 

13 • A method according to cla 
diffusely reflecting surface is ilium 
delivered by an optical fibre to a 
or a p^^t^f .e* cylinder, 

14. A method according to cla 
the area is provided of with a 
absorbing the light. 

15* A method according to cla 
wherein light from the concave surface 
through a deformable sheet covering th^ 
having properties of high light re 
light transmission and low light absorption. 



reflecting surface 
set so that it 

e of the object and 
ISO that the edges of 
define the area ' 



^m 12 wherein the 
by light 

, e.g. of ceramic 



ilia ted 



dif Jruser 



degradable 
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m 12 or 13 wherein 
agent for 



\m 12,13 or 14, 
is transmitted 
surface, the sheet 
, appreciable 



flectance 
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